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(54) SURFACE ACOUSTIC WAVE FILTER 

(57)Abstract: 

PURPOSE: To realize a small loss and a large extent of 
out-band attenuation by constituting a surface acoustic 
wave filter of an one-post surface acoustic wave 
resonator and a surface two-ports acoustic wave 
resonator. 

CONSTITUTION: A surface acoustic wave resonator 4 
to one terminal has such impedance characteristic that 
the impedance is 0 in the case of a resonance frequency 
fr and is infinite in the case of an antiresonance 
frequency fa. Consequently, the electric signal from an 
input terminal 6 passes an output terminal 7 in the case 
of the frequency fr but does not pass it at all in the case 
of the frequency fa to generate an attenuation pole 
when resonators 4 are connected in series to constitute 
a circuit to two terminals. Meanwhile, a surface acoustic 
wave resonator 5 to two terminals generates a spurious 
wave in a high band-side vicinity fs of the pass band. 
However, the spurious wave of the resonator 5 is 
cancelled by the attenuaLion pole of the resonator 4 to 

increase the extent of out-band attenuation because resonators 4 and 5 are cascade 
connected and are so constituted that frequencies fa and fs are equal to each other. Further, 
the pass band of the resonator 5 is equalized to the frequency fr of the resonator 4 to reduce 
the insertion loss in comparison with multistage connection of resonators 5. 
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[Title of the Invention] Surface Acoustic Wave Filter 

[Claims] 

[Claim 1] 

A surface acoustic wave filter comprising a plurality 
of surface acoustic wave resonators electrically connected, 
characterized in that a one-port surface acoustic wave resonator 
and a two-port surface acoustic wave resonator are used together 
as said surface acoustic wave resonators . 
[Claim 2] 

A surface acoustic wave filter comprising a plurality 
of surface acoustic wave resonators electrically connected, 
characterized in that a one-port surface acoustic wave resonator 
and a two-port surface acoustic wave resonator are used together 
as said surface acoustic wave resonators and said one-port 
surface acoustic wave resonator and said two-port surface 
acoustic wave resonator are connected symmetrically across an 
input terminal and an output terminal . 
[Claim 3] 

A surface acoustic wave filter comprising a plurality 
of surface acoustic wave resonators electrically connected, 
characterized in that a one-port surface acoustic wave resonator 
and a two-port surface acoustic wave resonator are used together 
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as said surface acoustic wave resonators and said two-port 
surface acoustic wave resonator has three or more comb-like 
electrodes . 
[Claim 4] 

A surface acoustic wave filter characterized in that a 
one-port surface acoustic wave resonator and a comb-like 
electrode exciting a surface acoustic wave are connected in 
ladder shape . 
[Claim 5] 

A surface acoustic wave filter characterized in that a 
one-port surface acoustic wave resonator and a comb-like 
electrode exciting a surface acoustic wave are connected in 
ladder shape and a part of said comb-like electrode is replaced 
with a capacitor. 
[Claim 6] 

A surface acoustic wave filter using one-port surface 
acoustic wave resonators as a component of a serial arm and 
a component of a parallel arm and connecting said one-port surface 
acoustic wave resonator of the serial arm to said one-port surface 
acoustic wave resonator of the parallel arm so as to be in ladder 
shape , characterized in that. at least one of said one-port surface 
acoustic wave resonators has a comb-like electrode and a 
reflector and an electrode finger arrangement cycle of said 
comb-like electrode is different from a lattice arrangement 
cycle of said reflector. 
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[Claim 7] 

A surface acoustic wave filter using one-port surface 
acoustic wave resonators having a comb-like electrode and a 
reflector as a component of a serial arm and a component of 
a parallel arm and connecting said one-port surface acoustic 
wave resonator of the serial arm to said one-port surface acoustic 
wave resonator of the parallel arm so as to be in ladder shape, 
characterized in that when an electrode finger arrangement cycle 
of said comb-like electrode and a lattice arrangement cycle 
of said reflector are Lis and Lrs , respectively, in said one-port 
surface acoustic wave resonator of the serial arm, and an 
electrode finger arrangement cycle of said comb-like electrode 
and a lattice arrangement cycle of said reflector are Lip and 
Lrp, respectively, in said one-port surface acoustic wave 
resonator of the parallel arm, Lis/Lrs < Lip/Lrp is satisfied. 
[Claim 8] 

A surface acoustic wave filter using one-port surface 
acoustic wave resonators as a component of a serial arm and 
a component of a parallel arm and connecting said one-port surface 
acoustic wave resonator of the serial arm to said one-port surface 
acoustic wave resonator of the parallel arm so as to be in ladder 
shape , characterized in that at least one of said one-port surface 
acoustic wave resonators of the serial arm has a resonance 
frequency different from that of another one-port surface 
acoustic wave resonator of the serial arm. 
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[Claim 9] 

A surface acoustic wave filter using one-port surface 
acoustic wave resonators as a component of a serial arm and 
acomponentof aparallel arm and connecting said one-port surface 
acoustic wave resonator of the serial arm to saidone-port surface 
acoustic wave resonator of the parallel arm so as to be in ladder 
shape , characterized in that at least one of said one-port surface 
acoustic wave resonators of the parallel arm has an antiresonance 
frequency different from that of another one-port surface 
acoustic wave resonator of the parallel arm. 
[Claim 10] 

A surface acoustic wave filter using one-port surface 
acoustic wave resonators as a component of a serial arm and 
a component of aparallel arm and connecting saidone-port surface 
acousticwave resonator of the serial arm to saidone-port surface 
acoustic wave resonator of the parallel arm so as to be in ladder 
shape, characterized in that it has a plurality of one-port 
surface acoustic wave resonators of the serial arm and at least 
two of the plurality of one-port surface acoustic wave resonators 
of the serial arm are adjacently arranged. 
[Claim 11] 

A surface acoustic wave filter characterized in that it 
uses one-port surface acoustic wave resonators as a component 
of a serial arm and a component of a parallel arm, said one-port 
surface acoustic wave resonator of the serial arm and said 
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one-port surface acoustic wave resonator of the parallel arm 
are connected so as to be in ladder shape, and an inductor is 
also connected. 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Utilization] 

The present invention relates to a surface acoustic wave 
filter used in a high-frequency circuit of a mobile communication 
apparatus . 
[0002] 
[Prior Art] 

Fig. 18 illustrates a constitution of this kind of 
conventional surface acoustic wave filter disclosed in US92-52 , 
pp. 9-16 in the Institute of Electronics, Information and 
Communication Engineers Technical Research (supersonic wave) , 
for example. In Fig. 18, reference numerals 4a and 4b designate 
one-port surface acoustic wave resonators, reference numeral 
6 designates an input terminal and ref erence numeral 7 designates 
an output terminal. Referring to the drawing, a plurality of 
one-port surface acoustic wave resonators 4 a inserted to a serial 
arm and one-port surface acoustic wave resonators 4b inserted 
to a parallel arm are connected so as to be in ladder type between 
the input terminal 6 and the output terminal 7. A general 
constitution of the one-port surface acoustic wave resonators 
4a and 4b in Fig. 18 is shown in Fig. 19. In Fig. 19, reference 
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numeral 1 designates a piezoelectric substrate, reference 
numeral 2 designates a comb-like electrode, and reference 
numeral 3 designates a reflector. The comb-like electrode 2 
and the two reflectors 3 are arranged on the piezoelectric 
substrate 1 to constitute a one-port surface acoustic wave 
resonator 4 . 
[0003] 

Then, an operation thereof will be described. When an 
electric signal is applied between the terminals in Fig. 19, 
a surface acoustic wave is excited from the comb-like electrode 
2. The reflectors 3 provided both sides of the comb-like 
electrode 2 reflect the surface acoustic wave. Therefore, the 
excited surface acoustic wave makes multiple reflection between 
the reflectors 3 to generate resonance. 
[0004] 

Fig. 20 illustrates an impedance characteristic of the 
one-port surface acoustic wave resonator 4 shown in Fig. 19. 
In the drawing, the axis of ordinate shows an imaginary part 
of the impedance. The impedance becomes zero at a resonance 
frequency fr and becomes infinite at an antiresonance frequency 
fa. In addition, the impedance becomes inductive between the 
resonance frequency fr and the antiresonance frequency fa and 
it is capacitive at the frequency other than that. 
[0005] 

In Fig. 18, the resonance frequency fr of the one-port 
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surface acoustic wave resonator 4a of the serial arm and the 
antiresonance frequency fa of the one-port surface acoustic 
wave resonator 4b of the parallel arm are matched. When the 
frequency is fO, since the impedance of the one-port surface 
acoustic wave resonator 4a of the serial arm is low and the 
impedance of the one-port surface acoustic wave resonator 4b 
of the parallel arm is high in the vicinity of the frequency 
f 0 , the electric signal input into the input terminal 6 is hardly 
attenuated and output from the output terminal 7 , whereby pass 
power is increased. On the contrary, since the impedance of 
the one-port surface acoustic wave resonator 4a of the serial 
arm is high and the impedance of the one-port surface acoustic 
wave resonator 4b of the parallel armbecomes low at the frequency 
apart from fO, the electric signal input to the input terminal 
6 is hardly output from the output terminal 7 , whereby the pass 
power becomes low . Therefore , it operates as a band-pass filter 
in which the frequency in the vicinity of fO is a pass band 
and the frequency other than that is an attenuation band. 
[0006] 

Fig. 21 illustrates a pass characteristic of the surface 
acoustic wave filter shown in Fig. 18. Attenuation poles are 
generated at the higher and lower side of the pass band, 
respectively, corresponding to the antiresonance frequency of 
the one-port surface acoustic wave resonator 4a of the serial 
arm and the resonance frequency of the one-port surface acoustic 
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wave resonator 4b of the parallel arm. However, the pass power 
is increased again at the frequency apart from the attenuation 
poles. This is because the one-port surface acoustic wave 
resonator 4a of the serial arm and the one-port surface acoustic 
wave resonator 4b of the parallel arm both become capacitive 
impedance and a part of the electric signal input into the input 
terminal 6 is output to the output terminal 7 . Therefore , there 
is a defect that it is hard to obtain a sufficient amount of 
out-of-band attenuation at the frequency apart from the pass 
band . 
[0007] 

In addition, actually, the reflector 3 does not always 
reflect the surface acoustic wave at any frequency and the 
frequency band in which the reflection occurs is limited. Fig. 
22 illustrates a frequency characteristic of reflective 
efficiency of the reflector 3. Although the surface acoustic 
wave input into the reflector 3 is almost completely reflected 
at a band called a stop band, the reflective efficiency is 
considerably lowered at the band other than that. The width 
of the stop band of the reflector 3 can be changed by selecting 
a thickness of a metal film which constitutes the reflector 
3. In general, it can be increased by thickening the metal 
film. However, as the metal film thickness is increased, a 
bulk conversion loss or the like is increased and the reflective 
efficiency is lowered as a whole. Therefore, there is a limit 
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in increasing the stop band of the reflector 3. 
[0008] 

When the reflective efficiency of the reflector 3 is low, 
the surface acoustic wave is not reflected and a power loss 
is generated in the one-port surface acoustic wave resonator 
4. Therefore, when the surface acoustic wave filter is 
constituted, the pass band loss is increased. In addition, 
since the stop band of the reflector 3 of the one-port surface 
acoustic wave resonator 4a of the serial arm and the stop band 
of the reflector 3 of the one-port surface acoustic wave resonator 
4b of the parallel arm are, generally, shifted, the power loss 
is generated at the frequency other than frequency range in 
which both are overlapped, whereby the filter loss is increased. 
Therefore, the pass band width of the surface acoustic wave 
filter is limited by the width in which the stop bands of the 
reflectors 3 of the serial arm and parallel arm are overlapped. 
[0009] 

Furthermore, in Fig. 18, the one-port surface acoustic 
wave resonators 4a and 4b are connected by a wire or a line 
formed of a metal film on the piezoelectric substrate 1 actually . 
Therefore, when the length of the wire or the line between the 
input terminal 6 and the output terminal 7 is increased, these 
resistance components are increased and the loss of the surface 
acoustic wave filter is increased as a whole. 
[0010] 
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Then, another constitution of a conventional surface 
acoustic wave filter will be described. Fig. 23 illustrates 
another constitution of this kind of conventional surface 
acoustic wave filter which is disclosed in SA-10-3 of the 
Institute of Electronics, Information and Communication 
Engineers Autumn National Convention in 1990 , for example. In 
Fig. 23, reference numeral 1 designates a piezoelectric 
substrate, reference numeral 2 designates a comb-like electrode, 
reference numeral 3 designates a reflector, reference numeral 
5 designates a two-port surface acoustic wave resonator, 
reference numeral 6 designates an input terminal and reference 
numeral 7 designates an output terminal. Referring to Fig. 
23, the two comb-like electrodes 2 and the reflectors 3 on both 
sides thereof are arranged on the piezoelectric substrate 1 
to constitute the two-port surface acoustic wave resonator 5 . 
In addition , one of the two comb-like electrodes 2 in the two-port 
surface acoustic wave resonator 5 is connected to the input 
terminal 6 and the other is connected to the output terminal 
7 . 

[0011] 

Then, an operation thereof will be described. When an 
electric signal is applied to the input terminal 6, a surface 
acoustic wave is excited from one of the comb-like electrodes 
2. Since the surface acoustic wave is reflected by the 
reflectors 3 , multiple reflection occurs between the reflectors 
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and resonates at a specific frequency . A part of the resonating 
surface acoustic wave is converted to the electric signal again 
at the other comb-like electrode 2 to be output from the output 
terminal 7. Fig. 24 illustrates an amplitude distribution at 
the resonance frequency of the two-port surface acoustic wave 
resonator 5 shown in Fig. 23 . A symmetric mode shown by a solid 
line and antisymmetric mode shown by a broken line in the drawing 
are generated and the resonance frequencies of the two modes 
are different a little. When the difference between the 
resonance frequencies is made to be a desired value, double 
mode filter having a band-pass characteristic can be obtained. 
[0012] 

Fig. 25 illustrates a pass characteristic of the surface 
acoustic wave filter shown in Fig. 23. Since the surface 
acoustic wave is not excited from the comb-like electrode 2 
so much at the frequency apart from the pass band, a large amount 
of attenuation is obtained as compared with Fig. 21. However, 
a part having a small amount of attenuation is generated at 
a little higher side from the pass band in the vicinity of the 
pass band. This is because multiple reflection of the surface 
acoustic wave is generated in the comb-like electrode 2 even 
at the frequency' higher than the pass band a little and this 
resonance becomes spurious . In order to reduce the level of 
the spurious, it is thought that many two-port surface acoustic 
wave resonators 5 are cascade connected to increase the number 
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of stages but the insertion loss of the pass band is also 

increased . 

[0013] 

[Problems that the Invention is to solve] 

As described above, according to the conventional surface 
acousticwave filter, since it is constituted by only the one-port 
surface acoustic wave resonator 4 or only the two-port surface 
acoustic wave resonator 5 , there is a problem in which the amount 
of out-of-band attenuation is reduced at the frequency apart 
from the pass band or in the vicinity of the pass band. In 
addition, when the number of stages is increased in order to 
increase the amount of out-of-band attenuation, there is a defect 
that the insertion loss is increased. Furthermore, when the 
one-port surface acoustic wave resonators 4 are connected to 
constitute the ladder shape, the insertion loss is increased 
or the pass band width is narrowed by a limit of the stop band 
of the reflector 3, which are the problems. The present 
invention was made to solve the above problems and it is an 
object of the present invention to provide a surface acoustic 
wave filter with a small loss and a large amount of out-of-band 
attenuation. In addition, it is another object of the present 
invention to provide a surface acoustic wave filter with a small 
loss and a large pass band width. 
[0014] 

[Means of Solving the Problems] 
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A surface acoustic wave filter according to the present 
invention of claim 1 is characterized in that a plurality of 
surface acoustic wave resonators are electrically connected 
and a one-port surface acoustic wave resonator and a two-port 
surface acoustic wave resonator are used together as the surface 
acoustic wave resonators . 
[0015] 

A surface acoustic wave filter according to the present 
invention of claim 2 is characterized in that a plurality of 
surface acoustic wave resonators are electrically connected, 
a one-port surface acoustic wave resonator and a two-port surface 
acoustic wave resonator are used together as the surface acoustic 
wave resonators and the one-port surface acoustic wave resonator 
and the two-port surface acoustic wave resonator are connected 
symmetrically across an input terminal and an output terminal. 
[0016] 

A surface acoustic wave filter according to the present 
invention of claim 3 is characterized in that a plurality of 
surface acoustic wave resonators are electrically connected, 
a one-port surface acoustic wave resonator and a two-port surface 
acoustic wave resonator are used together as the surface acoustic 
wave resonators and the two-port surface acoustic wave resonator 
has three or more comb-like electrodes. 
[0017] 

A surface acoustic wave filter according to the present 
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invention of claim 4 is characterized in that a one-port surface 
acoustic wave resonator and a comb-like electrode exciting a 
surface acoustic wave are connected in ladder shape. 
[0018] 

A surface acoustic wave filter according to the present 
invention of claim 5 is characterized in that a one-port surface 
acoustic wave resonator and a comb-like electrode exciting a 
surface acoustic wave are connected in ladder shape and a part 
of the comb-like electrode is replaced with a capacitor. 
[0019] 

A surface acoustic wave filter according to the present 
invention of claim 6 is characterized in that one-port surface 
acoustic wave resonators are used as a component of a serial 
arm and a component of a parallel arm, the one-port surface 
acoustic wave resonator of the serial arm is connected to the 
one-port surface acoustic wave resonator of the parallel arm 
so as to be in ladder shape, at least one of the one-port surface 
acoustic wave resonators has a comb-like electrode and a 
reflector and an electrode finger arrangement cycle of the 
comb-like electrode is different from a lattice arrangement 
cycle of the reflector. 
[0020] 

A surface acoustic wave filter according to the present 
invention of claim 7 is characterized in that one-port surface 
acoustic wave resonators having a comb-like electrode and a 
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reflector are used as a component of a serial arm and a component 
of a parallel arm, the one-port surface acoustic wave resonator 
of the serial arm is connected to the one-port surface acoustic 
wave resonator of the parallel arm so as to be in ladder shape, 
and when an electrode finger arrangement cycle of the comb-like 
electrode and a lattice arrangement cycle of the reflector are 
Lis and Lrs, respectively, in the one-port surface acoustic 
wave resonator of the serial arm and an electrode finger 
arrangement cycle of the comb-like electrode and a lattice 
arrangement cycle of the reflector are Lip and Lrp, respectively, 
in the one-port surface acoustic wave resonator of the parallel 
arm, Lis/Lrs < Lip/Lrp is satisfied. 
[0021] 

A surface acoustic wave filter according to the present 
invention of claim 8 is characterized in that one-port surface 
acoustic wave resonators are used as a component of a serial 
arm and a component of a parallel arm, the one-port surface 
acoustic wave resonator of the serial arm is connected to the 
one-port surface acoustic wave resonator of the parallel arm 
so as to be in ladder shape, and at least one of the one-port 
surface acoustic wave resonators of the serial armhas a resonance 
frequency different from that of another one-port surface 
acoustic wave resonator of the serial arm. 
[0022] 

A surface acoustic wave filter according to the present 
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invention of claim 9 is characterized in that one-port surface 
acoustic wave resonators are used as a component of a serial 
arm and a component of a parallel arm, the one-port surface 
acoustic wave resonator of the serial arm is connected to the 
one-port surface acoustic wave resonator of the parallel arm 
so as to be in ladder shape, and at least one of the one-port 
surface acoustic wave resonators of the parallel arm has an 
antiresonance frequency different from that of another one-port 
surface acoustic wave resonator of the parallel arm. 
[0023] 

A surface acoustic wave filter according to the present 
invention of claim 10 is characterized in that one-port surface 
acoustic wave resonators are used as a component of a serial 
arm and a component of a parallel arm, the one-port surface 
acoustic wave resonator of the serial arm is connected to the 
one-port surface acoustic wave resonator of the parallel arm 
so as to be in ladder shape, it has a plurality of one-port 
surface acoustic wave resonators of the serial arm, and at least 
two of the plurality of one-port surface acoustic wave resonators 
of the serial arm are adjacently arranged. 
[0024] 

A surface acoustic wave filter according to the present 
invention of claim 11 is characterized in that one-port surface 
acoustic wave resonators are used as a component of a serial 
arm and a component of a parallel arm, the one-port surface 
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acoustic wave resonator of the serial armand the one-port surface 
acoustic wave resonator of the parallel arm are connected so 
as to be in ladder shape, and an inductor is also connected. 
[0025] 

[Operation of the Invention] 

According to the present invention of claim 1, since the 
surface acoustic wave filter is constituted by the one-port 
surface acoustic wave resonator and the two-port surface 
acoustic wave resonator, spurious of the two-port surface 
acoustic wave resonator can be cancelled by an attenuation pole 
of the one-port surface acoustic wave resonator , so that a surface 
acoustic wave filter having a large amount of out-of-band 
attenuation with a small loss can be obtained. 
[0026] 

According to the present invention of claim 2, since the 
one-port surface acoustic wave resonator and the two-port 
surface acoustic wave resonator are connected symmetrically 
across an input terminal and an output terminal, the impedance 
of the input terminal can be equal to the impedance of the output 
terminal and matching with an outer circuit can be easily 
implemented, so that a surface acoustic wave filter with a small 
loss can be provided. 
[0027] 

According to the present invention of claim 3, since the 
two-port surface acoustic wave resonator having three or more 
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comb-like electrodes is used, a surface acoustic wave filter 
having a large pass band can be provided. 
[0028] 

According to the present invention of claims 4 and 5, 
since the one-port surface acoustic wave resonator and the 
comb-like electrode exciting a surface acoustic wave are 
connected so as to be in ladder shape, the input signal can 
be converted to the surface acoustic wave at a specific 
out-of-band frequency, so that a surface acoustic wave filter 
having a large amount of out-of-band attenuation can be provided 
at this frequency. 
[0029] 

According to the present invention of claim 6, since the 
electrode finger arrangement cycle of the comb-like electrode 
and the lattice arrangement cycle of the reflector of the one-port 
surface acoustic wave resonator are differentiated in the 
surface acoustic wave filter in which the one-port surface 
acoustic wave resonators are connected so as to be in ladder 
shape, the stop band of the reflector can be effectively used, 
so that a surface acoustic wave filter having a large pass band 
with a small insertion loss can be obtained. 
[0030] 

According to the present invention of claim 7, since the 
electrode finger arrangement cycle of the comb-like electrode 
and the lattice arrangement cycle of the reflector of the 
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respective one-port surface acoustic wave resonators of a series 
arm and a parallel arm is made to satisfy a predetermined relation , 
the stop band of the reflector can be further effectively used, 
so that a surface acoustic wave filter having a further large 
pass band can be obtained. 
[0031] 

According to the present invention of claim 8, since at 
least one resonance frequency is differentiated from the others 
among the one-port surface acoustic wave resonators of the serial 
arm, there is provided a surface acoustic wave filter having 
a desired in-band pass characteristic. 
• [0032] 

According to the present invention of claim 9, since at 
least one antiresonance frequency is differentiated from the 
others among the one-port surface acoustic wave resonators of 
the parallel arm, there is provided a surface acoustic wave 
filter having a desired in-band pass characteristic. 
[0033] 

According to the present invention of claim 10, since 
a plurality of one-port surface acoustic wave resonators of 
the serial arm are adj acently arranged , a line or the like between 
the input and output terminals can be shortened, so that a surface 
acoustic wave filter with a small insertion loss can be provided . 
[0034] 

According to the present invention of claim 11, since 

19 



Copied trom 10bBb019 on 26-03-2004 



the one-port surface acoustic wave resonators are connected 
so as to be in ladder shape and an inductor is connected, there 
is provided a surface acoustic wave filter having a large pass 
band width and a large amount of out-of-band attenuation. 
[0035] 

[Embodiment] Embodiment 1 

A constitution of an embodiment of the present invention 
will be described with reference to Fig. 1. Fig. 1 illustrates 
a constitution according to an embodiment 1 of the present 
invention. Referring to Fig . 1, reference numeral 1 designates 
a piezoelectric substrate, reference numeral 2 designates a 
comb-like electrode, reference numeral 3 designates a reflector, 
reference numeral 4 designates a one-port surface acoustic wave 
resonator, reference numeral 5 designates a two-port surface 
acoustic wave resonator , reference numeral 6 designates an input 
terminal , and reference numeral 7 designates an output terminal . 
In the drawing, the one-port surface acoustic wave resonator 
4 comprising one comb-like electrode 2 and the two-port surface 
acoustic wave resonator 5 comprising two comb-like electrodes 
2 are disposed on the piezoelectric substrate 1 and the one-port 
surface acoustic wave resonator 4 and the two-port surface 
acoustic wave resonator 5 are electrically connected. 
[0036] 

Then, an operation will be described. The one-port 
surface acoustic wave resonator 4 shown in Fig . 1 has an impedance 
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characteristic shown in Fig. 20 like in Fig. 18. In other words , 
the impedance becomes zero at a resonance frequency f r and the 
impedance becomes infinite at an antiresonance frequency fa. 
Therefore, when the one-port surface acoustic wave resonators 

4 are connected in series to constitute a two-port circuit as 
shown in Fig. 2, the electric signal from the input terminal 
6 all passes the output terminal 7 at the resonance frequency 
fr but does not pass it at all at the antiresonance frequency 
fa and generates an attenuation pole. Therefore, a pass 
characteristic in Fig. 3(a) is shown. 

[0037] 

Meanwhile, the two-port surface acoustic wave resonator 

5 in Fig. 1 shows a pass characteristic shown in Fig. 3(b) in 
which spurious is generated in the vicinity of fs at a higher 
side of a pass band. 

[0038] 

However, referring to Fig. 1, the one-port surface 
acoustic wave resonator 4 and the two-port surface acoustic 
wave resonator 5 are cascade connected . Furthermore , referring 
to Fig. 1, the one-port surface acoustic wave resonator 4 and 
the two-port surface acoustic wave resonator 5 are constituted 
such that the attenuation pole fa in Fig. 3(a) is almost equal 
to the frequency fs where the spurious is generated in Fig. 
3(b). Therefore, the whole pass characteristic is as shown 
in Fig. 3(c), the spurious of the two-port surface acoustic 
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wave resonator 5 is cancelled by the attenuation pole of the 
one-port surface acoustic wave resonator 4 so that an amount 
of out-of-band attenuation can be increased. 
[0039] 

Furthermore, at this time, since the pass band of the 
two-port surface acoustic wave resonator 5 can be equalized 
to the resonance frequency fr of the one-port surface acoustic 
wave resonator 4, an increase in insertion loss caused by 
connecting the one-port surface acoustic wave resonator 4 is 
small as compared with the insertion loss of the two-port surface 
acoustic wave resonator 5 of itself. Therefore, the insertion 
loss can be reduced as compared with a case of multistage 
connection of the two-port surface acoustic wave resonators 
5. As described above, according to the embodiment 1 of the 
present invention, there can be provided a surface acoustic 
wave filter realizing a small loss and a large amount of 
out-of-band attenuation . 
[0040] Embodiment 2 

Fig. 4 illustrates a constitution according to an 
embodiment 2 of the present invention. Referring to Fig. 4, 
reference numerals 1 to 7 are the same as those in Fig. 1. In 
the drawing, a two-port surface acoustic wave resonator 5 is 
arranged on a piezoelectric substrate 1 and a one-port surface 
acoustic wave resonator 4 is provided on each side thereof and 
the two one-port surface acoustic wave resonator 4 and the 
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two-port surface acoustic wave resonator 5 are electrically 
connected so as to be symmetric to each other across the input 
terminal 6 and the output terminal 7 . 
[0041] 

Then, an operation will be described. The operations of 
the one-port surface acoustic wave resonator 4 and the two-port 
surface acoustic wave resonator 5 shown in Fig. 4 are the same 
as those in the embodiment 1, respectively. However, Fig. 4 
is different from Fig. 1, in that there are two one-port surface 
acoustic wave resonators 4 , so that an effect of the attenuation 
pole in Fig. 3(a) is enlarged and the amount of out-of-band 
attenuation can be increased. 
[0042] 

Furthermore, in Fig. 4, the constitution of the surface 
acoustic wave filter is symmetric across the input terminal 
6 and the output terminal 7. Therefore, the input impedance 
viewed from the input terminal 6 and the input impedance viewed 
from the output terminal 7 are equal to each other. Since 
impedance of outer circuits connected to the input terminal 
6 and the output terminal 7, respectively is usually the same, 
impedance matching with the outer circuits is easy in the 
constitution shown in Fig. 4. As a result, mismatching loss 
of the filter and the loss caused by the outer matching circuits 
can be reduced, whereby there can be provided a surface acoustic 
wave filter with a small loss. 
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[0043] Embodiment 3 

Fig. 5 illustrates a constitution according to an 
embodiment 3 of the present invention. Referring to Fig. 5, 
reference numerals 1 to 7 are the same as those in Fig. 1. In 
the figure, a two-port surface acoustic wave resonator 5 is 
arranged on a piezoelectric substrate 1 and a one-port surface 
acoustic wave resonator 4 is provided on each side thereof and 
the two one-port surface acoustic wave resonators 4 and the 
two-port surface acoustic wave resonator 5 are electrically 
connected. In addition, as the two-port surface acoustic wave 
resonator 5, three comb-like electrodes 2 are used, that is, 
three-electrode shape is employed. 
[0044] 

Then, an operation will be described. The operations of 
the one-port surface acoustic wave resonator 4 and the two-port 
surface acoustic wave resonator 5 shown in Fig. 5 are the same 
as those in the embodiment 1 and the embodiment 2 , respectively. 
However , as shown in Fig . 5 , there are three comb-like electrodes 
2 in the two-port surface acoustic wave resonator 5 and the 
central comb-like electrode 2 is at the input side and the 
comb-like electrodes on both sides are connected to be at the 
output side. Fig. 6 illustrates an amplitude distribution at 
the resonance frequency of the two-port surface acoustic wave 
resonator 5 shown in Fig. 5. There are generated a zero order 
symmetric wave shown by a solid line and a second order symmetric 
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wave shown by a broken line in the figure and an antisymmetric 
wave shown in Fig. 24 is not excited. At this time also, like 
in Fig. 23, when a difference between the resonance frequencies 
of the zero order symmetric wave and the second order symmetric 
wave is made to be a desired value, there can be provided a 
double mode filter having a band-pass characteristic. 
[0045] 

Furthermore, since the difference between the resonance 
frequencies of the zero order symmetric wave and the second 
order symmetric wave can be larger than the difference between 
resonance frequencies of the symmetric wave and the 
antisymmetric wave in Fig. 24, the pass band of the 
three-electrode shape of the two-port surface acoustic wave 
resonator 5 in Fig . 5 can be larger than that of the two-electrode 
shape of the two-port surface acoustic wave resonator 5 in Fig. 
23. Therefore, according to the embodiment 3 of the present 
invention, there can be provided a surface acoustic wave filter 
having a pass band larger than that of the embodiment 1 . 
[0046] 

Although the one-port surface acoustic wave resonator 
4 and the two-port surface acoustic wave resonator 5 are provided 
on the same piezoelectric substrate 1 according to the 
embodiments 1 to 3 , the present invention is not limited to 
this and the one-port surface acoustic wave resonator 4 and 
the two-port surface acoustic wave resonator 5 may be disposed 
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on separate piezoelectric substrates 1. In this case, another 
kind of piezoelectric substrate 1 may be used. In addition, 
the number of the one-port surface acoustic wave resonators 

4 and the number of the two-port surface acoustic wave resonators 

5 are not limited to those shown in the above embodiments. In 
general, when many one-port surface acoustic wave resonators 

4 and two-port surface acoustic wave resonators 5 are cascade 
connected, the more the number of connections is, the larger 
the amount of the out-of-band attenuation becomes and the more 
the insertion loss increases. Therefore, the number of 
connections may be selected according to a desired value of 
the amount of the out-of-band attenuation and the insertion 
loss . 

[0047] 

Furthermore, although the one-port surface acoustic wave 
resonator 4 and the two-port surface acoustic wave resonator 

5 comprise the reflector 5 according to the above embodiments 
1 to 3 of the present invention, the present invention is not 
limited to this and the surface acoustic wave resonator which 
does not have the reflector 3 and uses only the resonance of 
the comb-like electrode 2 itself may be used. 

[0 048] Embodiment 4 

Fig. 7 illustrates a constitution according to an 
embodiment 4 of the present invention. Referring to Fig. 7, 
reference numeral 1 designates a piezoelectric electrode, 
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reference numeral 2 designates a comb-like electrode , reference 
numeral 3 designates a reflector , reference numeral 4 designates 
a one-port surface acoustic wave resonator, reference numeral 
6 designates an input terminal and reference numeral 7 designates 
an output terminal. In the drawing, the one-port surface 
acoustic wave resonator 4 and the comb-like electrode 2 are 
disposed on the piezoelectric substrate 1 and they are 
electrically connected so as to constitute an inversed L-shaped 
circuit. 
[0049] 

Then, an operation will be described . Fig. 8 is a drawing 
for explaining the operation according to the embodiment 4 of 
the present invention, in which reference numeral 8 designates 
a capacitor. As shown in Fig. 8, the one-port surface acoustic 
wave resonator 4 and the capacitor 8 are inserted in series 
and in parallel, respectively, between the input terminal 6 
and the output terminal 7 . Since the one-port surface acoustic 
wave resonator 4 has an impedance characteristic shown in Fig. 
20 as described above, there is provided an inductive impedance 
between the resonance frequency f r and antiresonance frequency 
fa . At this time , since the capacitor 8 is capacitive impedance , 
there is provided a band-pass filter with a small loss like 
a constant K shape filter which is well known in transmission 
circuit theory, in the circuit shown in Fig. 8. However, since 
the attenuation pole is generated at the antiresonance frequency 
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fa of the one-port surface acoustic wave resonator 4, the pass 
characteristic has the attenuation pole on the higher side of 
the pass band as shown by the solid line in Fig. 9. 
[0050] 

Fig. 7 illustrates a constitution in which the capacitor 
8 in Fig. 8 is replaced with a comb-like electrode 2. The 
impedance of the comb-like electrode 2 shows the same capacitive 
characteristic as in the capacitor 8 at the frequency other 
than the frequency where the surface acoustic wave is excited. 
Therefore, the surface acoustic wave filter shown in Fig. 7 
shows the same characteristic as that of the filter shown in 
Fig. 8 at the frequency other than the frequency where the 
comb-like electrode 2 excites the surface acoustic wave. 
Therefore, the pass band characteristic shows a small loss as 
in Fig. 8. However, the electric signal input to the comb-like 
electrode 2 is converted to the surface acoustic wave at the 
frequency where the electrode 2 excites the surface acoustic 
wave, so that a power loss is generated. Therefore, as shown 
by a broken line in Fig. 9, power of the input signal is damaged 
at the frequency fi where the comb-like electrode 2 excites 
the surface acoustic wave so that the power of the output signal 
is reduced. Therefore, the amount of the attenuation of the 
pass characteristic can be increased at the frequency f i . At 
this time, since the frequency fi where the surface acoustic 
wave is excited is freely changed by changing an electrode finger 
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arrangement cycle of the comb-like electrode 2 , the amount of 
attenuation can be increased at any out-of-band frequency. 

[0051] Embodiment 5 

Fig. 10 illustrates a constitution according to an 
embodiment 5 of the present invention. Referring to Fig. 10, 
reference numerals 1 to 7 are the same as those in Fig. 7. In 
the drawing, two one-port surface acoustic wave resonators 4 
and a comb-like electrode 2 are arranged on a piezoelectric 
substrate 1 and they are electrically connected to constitute 
a T shape circuit. 

[0052] 

Then, an operation will be described. According to the 
constitution shown in Fig. 10, the two surface acoustic wave 
filters shown in Fig. 7 are connected by output terminals to 
each other and central two comb-like electrodes arranged in 
parallel are shaped into one. Therefore, like in Fig. 7, it 
serves as a band-pass filter. In addition, since the number 
of stages of the filters is increased as compared with the case 
in Fig. 7 , the amount of the out-of-band attenuation is increased 
and a steep filter characteristic can be obtained. In this 
case also , the amount of the attenuation can be further increased 
at any out-of-band frequency by changing the frequency where 
the comb-like electrode 2 excites the surface acoustic wave. 
[0053] Embodiment 6 

Fig. 11 illustrates a configuration according to an 
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embodiment 6 of the present invention. In Fig. 11, reference 
numerals 1 to 7 are the same as those shown in Fig. 7 . Referring 
to the drawing, a one-port surface acoustic wave resonator 4 
and a comb-like electrode are arranged on a piezoelectric 
substrate 1 and they are electrically connected to constitute 
an inversed L shape circuit. However, Fig. 11 is different 
from Fig. 7 in that the comb-like electrode 2 and the one-port 
surface acoustic wave resonator 4 are inserted between an input 
terminal 6 and an output terminal 7, in series and in parallel, 
respectively . 
[0054] 

In Fig. 11, it operates as a band-pass filter like in 
Fig. 7. In this case, since an attenuation pole is generated 
at resonance frequency f r of the one-port surface acoustic wave 
resonator 4, a pass characteristic becomes a characteristic 
having the attenuation pole on the lower side of a pass band. 
However, it is needless to say that the amount of attenuation 
can be increased at any out-of-band frequency by changing the 
frequency in which the comb-like electrode 2 excites a surface 
acoustic wave in Fig. 11 also, like in Fig. 7. 
[0055] Embodiment 7 

Fig. 12 illustrates a constitution according to an 
embodiment 7 of the present invention. In Fig. 12, reference 
numerals 1 to 7 are the same as those shown in Fig. 7 . Referring 
to the drawing, two comb-like electrodes 2 and a one-port surface 
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acoustic wave resonator 4 are arranged on a piezoelectric 
substrate 1 and they are electrically connected to constitute 
a T shape circuit. 
[0056] 

Referring to the constitution shown in Fig. 12, two surface 
acoustic wave filters shown in Fig. 11 are connected by an output 
terminal to each other and the central two one-port surface 
acoustic wave resonators arranged in parallel are shaped into 
one. Therefore, it operates as a band-pass filter like in Fig. 
11 and there is provided a filter characteristic steeper than 
that in Fig. 11. In this case also, the amount of attenuation 
can be further increased at any out-of-band frequency by changing 
the frequency in which the comb- like electrode 2 excites a surface 
acoustic wave. Furthermore, there is an effect that the amount 
of attenuation at different two bands can be increased by 
differentiating the frequencies in which the surface acoustic 
waves are excited in the upper and lower two comb-like electrodes 
2 . 

[0057] 

Although the circuit constitutions of the surface acoustic 
wave filters are inversed L shape and T shape according to the 
above embodiments 4 to 7 , the present invention is not limited 
to this and a n shape circuit constitution may be employed and 
the number of stages may be further increased. In addition, 
instead of the comb-like electrode 2 , a part of the capacitor 
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8 may be left. In addition, when there are many comb-like 
electrodes 2, the frequencies where the surface acoustic waves 
are excited by these may be separately changed or may be the 
same . 
[0058] 

In addition , although the one-port surface acoustic wave 
resonator 4 and the comb-like electrode 2 are provided on the 
same piezoelectric substrate 1 according to the embodiments 
4 to 7, the present invention is not limited to this and the 
one-port surface acoustic wave resonator 4 and the comb-like 
electrode 2 may be disposed on separate piezoelectric substrates 
1. In this case, another kind of piezoelectric substrate 1 
may be used. 
[0059] Embodiment 8 

Fig. 13 is a constitution according to an embodiment 8 
of the present invention. Referring to Fig. 13, reference 
numeral 1 designates a piezoelectric substrate, reference 
numeral 2 designates a comb-like electrode, reference numeral 
3 designates a reflector, reference numerals 4a and 4b designate 
one-port surface acoustic wave resonators, reference numeral 
6 designates an input terminal and reference numeral 7 designates 
an output terminal. Referring to the drawing, a plurality of 
one-port surface acoustic wave resonators are arranged on the 
piezoelectric substrate 1 and they are electrically connected 
to constitute a ladder shape circuit. In addition, in the 
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one-port surface acoustic wave resonator 4a arranged in series , 
an electrode finger arrangement cycle of the comb-like electrode 
2 (referred to as a pitch of the comb-like electrode 2) Lis 
is differentiated from a lattice arrangement cycle of the 
reflector 3 (referred to as a pitch of the reflector 3) Lrs 
such that Lis < Lrs . 
[0060] 

Then, an operation will be described. Referring to Fig. 
13 , the resonance frequency fr of the one-port surface acoustic 
wave resonators 4a of a serial arm is made to almost coincide 
with the antiresonance frequency fa of the one-port surface 
acoustic wave resonators 4b of a parallel arm so as to operate 
as the band-pass filter. This is the same as a conventional 
surface acoustic wave filter shown in Fig. 18. Therefore, the 
resonance frequency fr of the one-port surface acoustic wave 
resonators 4a of the serial arm is a central frequency of the 
filter. 
[0061] 

In the one-port surface acoustic wave resonator 4 in Fig. 
14 like that shown in Fig. 19, when only the pitch Li of the 
comb-like electrode 2 is changed while the pitch Lr of the 
reflector 3 is constant, the change of the resonance frequency 
fr and the antiresonance frequency fa are calculated using an 
equivalent circuit model . Since the axis of abscissas is Li/Lr , 
when Li/Lr is equal to 1 , the pitches of the comb-like electrode 
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2 and the reflector 3 become the same. Even when the pitch 
Li of the comb-like electrode 2 is changed, the distance between 
the comb-like electrode 2 and the reflector 3 is made constant. 
It can be seen from the drawing that when the pitch Li of the 
comb-like electrode 2 is changed, the resonance frequency fr 
and the antiresonance frequency fa are changed together, the 
frequency difference between the resonance frequency fr and 
the antiresonance frequency fa is not changed so much. 
[0062] 

A lower limit frequency and an upper limit frequency of 
a stop band of the reflector 3 are shown by dotted lines in 
Fig. 14. When the pitches of the comb-like electrode 2 and 
the reflector 3. are the same, the resonance frequency fr is 
almost equal to the lower limit frequency of the stop band of 
the reflector 3. Therefore, since it is brought out of the 
stop band of the reflector 3 at the frequency lower than the 
resonance frequency fr even a little, reflection efficiency 
of the reflector 3 is reduced. 
[0063] 

In Fig. 13, the pitch Lis of the comb-like electrode 2 
is differentiated from the pitch Lrs of the reflector 3 in the 
one-port surface acoustic wave resonators 4a of the serial arm 
such that Lis < Lrs. Therefore, as can be seen from Fig. 14, 
the resonance frequency fr is higher than the lower limit 
frequency of the stop band of the reflector 3. At this time, 
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since even when the frequency lower than the resonance frequency 
fr a little, it is included in the stop band, larger reflection 
efficiency can be provided. 
[0064] 

As described above, the resonance frequency fr of the 
one-port surface acoustic wave resonator 4a of the serial arm 
is the central frequency of the filter. Therefore, when the 
pitches of the comb-like electrode 2 and the reflector 3 are 
changed as shown in Fig. 13 , the loss is reduced, which is caused 
by the reduction of the reflection efficiency of the reflector 
3 at the frequency lower than the central frequency of the filter , 
and insertion loss of the filter at the pass band can be reduced. 
In addition, frequency band of the serial arm and the parallel 
arm which overlaps with the stop band of the reflector 3 can 
be increased, whereby the pass band of the filter can be further 
increased . 
[0065] Embodiment 9 

Fig. 15 illustrates a constitution according to an 
embodiment 9 of the present invention. In Fig. 15, reference 
numerals 1 to 4 are the same as those shown in Fig. 13 . Referring 
to the drawing, a plurality of one-port surface acoustic wave 
resonators 4 are arranged on a piezoelectric substrate 1 and 
they are electrically connected to constitute a ladder shape 
circuit. In addition, as shown in the drawing, when pitches 
of a comb-like electrode 2 and a reflector 3 in a one-port surface 
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acoustic wave resonator 4a of a serial arm are Lis and Lrs, 
respectively, and the pitches of the comb-like electrode 2 and 
the reflector 3 in a one-port surface acoustic wave resonator 
4b of a parallel arm are Lip and Lrp, respectively, they are 
made such that Lis/Lrs <1 and Lip/Lrp > 1 . At this time , Lis/Lrs 
< Lip/Lrp are provided. 
[0066] 

An operation of the embodiment 9 is the same as that of 
the embodiment 8. However, in the embodiment 9, the pitch Lip 
of the comb-like electrode 2 is differentiated from the pitch 
Lrp of the reflector 3 in the one-port surface acoustic wave 
resonator 4b of the parallel arm also such that Lip/Lrp > 1. 
At this time, as can been from Fig. 14, the antiresonance 
frequency fa can be more close to the central frequency of the 
stop band of the reflector 3 as compared with the case where 
the pitches are the same. Therefore, the frequency width 
included in the stop band of the reflector 3 can be further 
increased at the frequency higher than the antiresonance 
frequency fa. 
[0067] 

Since the antiresonance frequency fa of the one-port 
surface acoustic wave resonator 4b of the parallel arm is also 
the central frequency of the filter, the frequency width can 
be increased at the frequency higher than the central frequency 
of the filter without reducing the reflection efficiency of 

36 

Copied trom 10631)019 on 26-03-2004 



the reflector 3 and the frequency width of the serial arm and 
parallel arm which overlaps with the stop band of the reflector 
3 can be increased in Fig. 15. As a result, the pass band of 
the filter can be increased larger than that in Fig. 13. 
[0068] 

In addition, in Fig. 15, there are two one-port surface 
acoustic wave resonators 4a of the serial arm and intersection 
widths are differentiated from each other. Thus, the 
intersection widths of the one-port surface acoustic wave 
resonator 4 may be changed respectively. Similarly, even when 
there are three or more one -port surface acoustic wave resonators 
4a of the serial arm, the respective intersection widths may 
be changed and there are several kinds of method of changing. 
This is the same as for the one-port surface acoustic wave 
resonator '4b of the parallel arm. 
[0069] 

At this time , when the intersection widths of the one-port 
surface acoustic wave resonator 4a of the serial arm and the 
one-port surface acoustic wave resonator 4b of the parallel 
arm are changed so as to be a desired value, the band-pass 
characteristic of the filter can be close to various kinds of 
characteristics such as amplitude flat characteristic, an 
amplitude wave characteristic (Chebyshev characteristic) , a 
delay flat characteristic or the like which is known in the 
transmission circuit theory, so that any characteristic can 
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be provided. 
[0070] 

Furthermore, although it is not shown in Fig. 15, it is 
not necessary to make all of the resonance frequencies fr of 
the one-port surface acoustic wave resonators 4a of the serial 
arm the same, and they can be changed respectively. Thus, as 
described above, this can be easily implemented by changing 
the pitch Li of the comb-like electrode 2, the pitch Lr of the 
reflector 3 or these ratio Li/Lr. In addition, the 
antiresonance frequency fa of the one-port surface acoustic 
wave resonator 4b of the parallel arm also may be changed. In 
this case also, the band-pass characteristic can be close to 
the various kinds of characteristics by changing the resonance 
frequency fr and the antiresonance frequency fa to be desired 
values . 

[0071] Embodiment 10 

Fig. 16 illustrates a constitution according to an 
embodiment 10 of the present invention. In Fig. 16, reference 
numerals 1 to 4 , 6, and 7 are the same as those in Fig. 13. 
Like in Fig. 13, a plurality of one-port surface acoustic wave 
resonators 4 are arranged on a piezoelectric substrate 1 and 
they are electrically connected to a ladder shape circuit. In 
addition, referring to Fig . 13, there are three one-port surf ace 
acoustic wave resonators 4a of the serial arm among five one-port 
surface acoustic wave resonators 4 and these three one-port 
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surface acoustic wave resonators 4a of the serial arm are 

adj acently disposed . 

[0072] 

An operation of the embodiment 10 is also the same as 
those in the embodiments 8 and 9. However, according to the 
embodiment 10 , since three one-port surface acoustic wave 
resonators 4a of the serial arm are adjacently disposed, the 
distance between an input terminal 6 and an output terminal 
7 can be shortened as compared with the case where the same 
number of the one-port surface acoustic wave resonators 4a of 
the serial arm and the one-port surface acoustic wave resonators 
4b of the parallel arm are alternately arranged. Therefore, 
a wire or a line connecting the one-port surface acoustic wave 
resonators 4a of the serial arm can be shortened and an influence 
of these resistance components can be reduced. As a result, 
there can be provided a surface acoustic wave filter with a 
small insertion loss. 
[0073] 

At this time, on the contrary, the length of a wire or 
a line connecting the one-port surface acoustic wave resonators 
4b of the serial arm is increased and the resistance components 
are increased. However, since the impedance of the serial arm 
is as large as infinite originally at the pass band of the filter , 
even when the resistance components are increased, the insertion 
loss of the filter hardly changes and the characteristic with 
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a small loss can be provided. 
[0074] 

Although the one-port surface acoustic wave resonator 
4 is provided on the same piezoelectric substrate 1 according 
to the embodiments 8 to 10, the present invention is not limited 
to this and the one-port surface acoustic wave resonator 4 and 
the comb-like electrode 2 may be disposed on separate 
piezoelectric substrates 1. In this case, another kind of 
piezoelectric substrate 1 maybe used. In addition, the number 
of the one-port surface acoustic wave resonators 4a and 4b are 
not limited to those shown in the above embodiments and it may 
be selected according to the desired value of the amount of 
out-of-band attenuation and the insertion loss. 
[007 5] Embodiment 11 

Fig. 17 illustrates a constitution according to an 
embodiment 11 of the present invention. In Fig. 17, reference 
numerals 4a, 4b, 6 and 7 are the same as those shown in Figs. 
18 and 13, and reference numeral 9 designates an inductor. 
Similar to Fig. 13, a plurality of one-port surface acoustic 
wave resonators 4a of a serial arm and one-port surface acoustic 
wave resonators 4b of a parallel arm are connected between an 
input terminal 6 and an output terminal 7. However, Fig. 17 
is different from Fig. 13 in that the inductor 9 is connected 
to the one-port surface acoustic wave resonator 4 in series 
or in parallel. In addition, the inductor 9 is connected over 

.40 



Copied trom 10bSb019 on 26-03-2004 



the plural one-port surface acoustic wave resonators 4. 
[0076] 

An operation of the embodiment 11 is also the same as 
those according to the embodiments 8 to 10 , which operates as 
a band-pass filter with a small loss. However, according to 
the embodiment 11, the inductor 9 is connected the one-port 
surface acoustic wave resonator 4 in series, for example. At 
this time, referring to the impedance characteristic combining 
the one-port surface acoustic wave resonator 4 with the inductor 
9, an imaginary part of the impedance is increased as a whole 
as much as the inductor 9 is connected, as compared with the 
impedance of the one-port surface acoustic wave resonator 4 
itself shown in Fig . 20. Therefore, the antiresonance frequency- 
fa is constant but the resonance frequency fr is lowered, so 
that the difference between f r and fa is increased. In addition, 
when the inductor 9 is connected in parallel, the imaginary 
part of a reciprocal number of the impedance is decreased as 
a whole as much as the inductor 9 is connected. At this time, 
the resonance frequency f r does not change but the antiresonance 
frequency fa is increased, that is, the difference between fr 
and fa is increased also. 
[0077] 

As described above, when the inductor 9 is connected, 
the frequency difference between the resonance frequency fr 
and the antiresonance frequency fa of the one-port surface 
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acoustic wave resonator 4 is increased apparently. Therefore, 
in the pass characteristic of the filter shown in Fig. 21, the 
frequency distance between the two attenuation poles can be 
increased, whereby there can be provided a surface acoustic 
wave filter having a large pass band width. 
[0078] 

Furthermore, according to the embodiment 11, the inductor 
9 is connected over the plural one-port surface acoustic wave 
resonators 4 . As described above , the one-port surface acoustic 
wave resonator 4 shows the capacitive impedance characteristic 
at the frequency apart from the pass band of the filter. 
Therefore, when the inductor 9 having the inductive impedance 
is connected, the out-of-band pass signals are negated with 
each other and the attenuation pole can be formed in the pass 
characteristic. Therefore, there can be provided a surface 
acoustic wave filter having a large amount of out-of-band 
attenuation . 
[0079] 

According to the embodiment 11, it is not necessary to 
use all of the inductors 9 shown in Fig. 17 and when at least 
one inductor 9 is connected, the effect of the present invention 
can be obtained. Any structure of the inductor 9 may be used. 
For example , it may be formed at the same piezoelectric substrate 
1 on which the one-port surface acoustic wave resonator 4 is 
formed or it may be formed of metal wire or the like. When 
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the one-port surface acoustic wave resonator 4 is mounted on 
a package, the inductor 9 may be provided in the same package 
or the inductor 9 is provided outside and connected. 
Furthermore, the method of connecting the inductor 9 is not 
limited to that shown in Fig. 17 and various kinds of methods 
can be used. 
[0080] 

Referring to the above embodiments 1 to 11, the 
piezoelectric substrate 1 may be formed of a single crystal 
or an piezoelectric thin film formed on another substrate and 
so long as it excites the surface acoustic wave , it may be formed 
of any material. In addition, the surface acoustic wave is 
not limited to Rayleigh wave and a surface wave such as a 
pseudo-surface acoustic wave may be used. In addition, in the 
above embodiments, instead of the one-port surface acoustic 
wave resonator 4 and the comb-like electrode 1 used as the circuit 
elements , the same or the different two or more one-port surface 
acoustic wave resonators 4 and the comb-like electrodes 2 may 
be connected in series or in parallel. In this case also, the 
effect of the invention can be provided. 
[0081] 

[Effect of the Invention] 

According to the present invention of claim 1, since the 
surface acoustic wave filter is constituted by the one-port 
surface acoustic wave resonator and the two-port surface 
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acoustic wave resonator, spurious of the two-port surface 
acoustic wave resonator can be canceled by an attenuation pole 
of the one-port surface acoustic wave resonator and there is 
an effect that a surface acoustic wave filter having a large 
amount of out-of-band attenuation with a small loss can be 
obtained . 
[0082] 

According to the present invention of claim 2, since the 
one-port surface acoustic wave resonator and the two-port 
surface acoustic wave resonator are connected symmetrically 
across the input terminal and the output terminal , the impedance 
of the input terminal can be equal to the impedance of the output 
terminal and matching with an outer circuit can be easily 
implemented, whereby there is an effect that a surface acoustic 
wave filter with a small loss can be provided. 
[0083] 

According to the present invention of claim 3, since the 
two-port surface acoustic wave resonator having three or more 
comb-like electrodes is used, there is an effect that a surface 
acoustic wave filter having a large pass band can be provided. 
[0084] 

According to the present invention of claims 4 and 5, 
since the one-port surface acoustic wave resonator and the 
comb-like electrode exciting the surface acoustic wave are 
connected so as to be in ladder shape, the input signal can 
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be converted to the surface acoustic wave at a specific 
out-of-hand frequency and there is an effect that a surface 
acoustic wave filter having a large amount of out-of-band 
attenuation can be provided at this frequency. 
[0085] 

According to the present invention of claim 6, since the 
electrode finger arrangement cycle of the comb-like electrode 
and the lattice arrangement cycle of the reflector of the one-port 
surface acoustic wave resonator are differentiated in the 
surface acoustic wave filter in which the one-port surface 
acoustic wave resonators are connected so as to be in ladder 
shape, the stop band of the reflector can be effectively used 
and there is an effect that a surface acoustic wave filter having 
a large pass band with a small insertion loss can be obtained. 
[0086] 

According to the present invention of claim 7 , since the 
electrode finger arrangement cycle of the comb-like electrode 
and the lattice arrangement cycle of the reflector of the 
respective one-port surface acoustic wave resonators of the 
series arm and the parallel arm are made to satisfy a 
predetermined relation, the stop band of the reflector can be 
further effectively used and there is an effect that a surface 
acoustic wave filter having a further large pass band can be 
obtained . 
[0087] 
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According to the present invention of claim 8, since at 
least one resonance frequency is differentiated from the others 
among the one-port surface acoustic wave resonators of the serial 
arm, there is provided a surface acoustic wave filter having 
a desired in-band pass characteristic. 
[0088] 

According to the present invention of claim 9, since at 
least one antiresonance frequency is differentiated from the 
others among the one-port surface acoustic wave resonators of 
the parallel arm, there is provided a surface acoustic wave 
filter having a desired in-band pass characteristic. 
[0089] 

According to the present invention of claim 10, since 
a plurality of one-port surface acoustic wave resonators of 
the serial arm are adj acently arranged, a line or the like between 
the input and output terminals can be shortened and there is 
an effect that a surface acoustic wave filter with a small 
insertion loss can be provided. 
[0090] 

According to the present invention of claim 11, since 
the one-port surface acoustic wave resonators are connected 
so as to be in ladder shape and an inductor is connected, there 
is provided a surface acoustic wave filter having a large pass 
band width and a large amount of out-of-band attenuation. 
[Brief Description of the Drawings] 
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[Fig. 1] It illustrates a constitution according to an 
embodiment 1 of the present invention. 

[Fig. 2] It is a view for explaining an operation according 
to the embodiment 1 of the present invention. 

[Fig. 3] It is a view for explaining an operation according 
to the embodiment 1 of the present invention. 

[Fig. 4] It illustrates a constitution according to an 
embodiment 2 of the present invention. 

[Fig. 5] It illustrates a constitution according to an 
embodiment 3 of the present invention. 

[Fig. 6] It is a view for explaining an operation according 
to the embodiment 3 of the present invention. 

[Fig. 7] It illustrates a constitution according to an 
embodiment 4 of the present invention. 

[Fig. 8] It is a view for explaining an operation according 
to the embodiment 4 of the present invention. 
[Fig. 9] It is a view for explaining an operation according 
to the embodiment 4 of the present invention. 
[Fig. 10] It illustrates a constitution according to an 
embodiment 5 of the present invention. 

[Fig. 11] It illustrates a constitution according to an 
embodiment 6 of the present invention.. 

[Fig. 12] It illustrates a constitution according to an 
embodiment 7 of the present invention. 

[Fig. 13] It illustrates a constitution according to an 
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embodiment 8 of the present invention. 

[Fig. 14] It is a view for explaining an operation according 
to the embodiment 8 of the present invention. 

[Fig. 15] It illustrates a constitution according to an 
embodiment 9 of the present invention. 

[Fig. 16] It illustrates a constitution according to an 
embodiment 10 of the present invention. 

[Fig. 17] It illustrates a constitution according to an 
embodiment 11 of the present invention. 

[Fig. 18] It illustrates a constitution of a conventional 
surface acoustic wave filter. 

[Fig. 19] It is a view for explaining an operation of the 
conventional surface acoustic wave filter. 

[Fig. 20] It is a view for explaining an operation of the 
conventional surface acoustic wave filter. 

[Fig. 21] It is a view for explaining an operation of the 
conventional surface acoustic wave filter. 

[Fig. 22] It is a view for explaining an operation of the 
conventional surface acoustic wave filter. 

[Fig. 23] It illustrates a constitution of a conventional 
surface acoustic wave filter. 

[Fig. 24] It is a view for explaining an operation of the 
conventional surface acoustic wave filter. 

[Fig. 25] It is a view for explaining an operation of the 
conventional surface acoustic wave filter. 
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[Description of the reference numerals] 

1 Piezoelectric substrate 

2 Comb-like electrode 

3 Reflector 

4 One-port surface acoustic wave resonator 

5 Two-port surface acoustic wave resonator 

6 Input terminal 

7 Output terminal 

8 Capacitor 
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[Amendment of Proceedings] 
[Filing Date] 07.01.1993 
[Amendment of Proceedings 1] 

[Document Name of Object for Amendment] Specification 
[Item Name of Object for Amendment] Claim 5 
[Method of Amendment] Modification 
[Contents of Amendment] 
[Claim 5] 

A surface acoustic wave filter characterized in that in 
a one-port surface acoustic wave resonator and a comb-like 
electrode exciting a surface acoustic wave are connected in 
ladder shape, a part of said comb-like electrode is replaced 
with a capacitor. 
[Amendment of Proceedings 2] 

[Document Name of Object for Amendment] Specification 
[Item Name of Object for Amendment] 0002 
[Method of Amendment] Modification 
[Contents of Amendment] 
[Prior Art] 

Fig. 18 illustrates a constitution of this kind of 
conventional surface acoustic wave filter disclosed in US92-52 , 
pp. 9-16 in the Institute of Electronics, Information and 
Communication Engineers Technical Research (supersonic wave) , 
for example. In Fig. 18, reference numerals 4a and 4b designate 
one-port surface acoustic wave resonators, reference numeral 
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6 designates an input terminal and reference numeral 7 designates 
an output terminal. Referring to the drawing, a plurality of 
one-port surface acoustic wave resonators 4a inserted to a serial 
arm and one-port surface acoustic wave resonators 4b inserted 
to a parallel arm are connected so as to be in ladder shape 
between the input terminal 6 and the output terminal 7 . A general 
constitution of the one-port surface acoustic wave resonators 
4a and 4b in Fig. 18 is shown in Fig. 19. In Fig. 19 , reference 
numeral 1 designates a piezoelectric substrate, reference 
numeral 2 designates a comb-like electrode, and reference 
numeral 3 designates a reflector. The comb-like electrode 2 
and the two reflectors 3 are arranged on the piezoelectric 
substrate 1 to constitute a one-port surface acoustic wave 
resonator 4 . 

[Amendment of Proceedings 3] 

[Document Name of Object for Amendment] Specification 

[Item Name of Object for Amendment] 00018 

[Method of Amendment] Modification 

[Contents of Amendment] 

[0018] 

A surface acoustic wave filter according to the present 
invention of claim 5 is characterized in that in a one-port 
surface acoustic wave resonator and a comb-like electrode 
exciting a surface acoustic wave are connected in ladder shape, 
a part of the comb-like electrode is replaced with a capacitor. 
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Fig. 3 

1 Frequency 

2 Amount of attenuation 

3 Attenuation pole 

4 Spurious 
Fig. 6 

5 Amplitude 

6 Zero order symmetric mode 

7 Second order symmetric mode 

8 Pass band 

9 Capacitor 
Fig. 20 

1 Impedance imaginary part 

2 Frequency 

3 Normal band 

4 Amount of attenuation 

5 Attenuation pole 

6 Reflector stop band 

7 Inductor 
Fig. 22 

1 Reflective efficiency 

2 Stop band 

3 Frequency 

4 Amplitude 

5 Symmetric mode 
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6 Antisymmetric mode 

7 Normal band 

8 Amount of attenuation 

9 Frequency 

10 Spurious 
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M5B, H2 3tra«R:, 0 3 (b) ft^T.}: 5 

awftt^o. aii^«c©i«««jfi^f s (cx7*>jt7. 

30 [0 0 3 8] LfrU 0 1 fcfc^TH:, ±El«Tf : M3¥ 
ttgtSifc&Jggg 4 <h, ±13 2 *Wtt*B&#SS§ 5 
t£^Mlfc«fc&oT^5. £&(C, HIT 
tt. 03 (a) CMIif at, 03 (b) ©X7U7 
7*5ti;5S»»f a^b<55«t5(C, ±13 

1 wi££ffi&ASs 4t, ±13 2 nw&im 

tttt. 0 3 (c) ICjR-T.fcStefcD, ±f32«TM#tt 
3ttiO&&iS§§ 5 ©7.7'J ±13 1 iSTMW&ma 

[0 0 3 9] $StCC©i#, 2MHF^fftt»ffitt#fi 
S 5 0>9&#tt&. 1 «^M#ft^HSE*ffi« 4 ©*ig 
HSftf rtBgg«l/<T?*5«)t, 2iS^*f3¥ftS 
M«i*Sf§ 5 ^*©Jf Am&lZM LT, 1 SS^M#tt« 
Mfe*«§S 4 fcSaKlxfc d t let Sff A«*©iiJl]»/jN 
2JST*f#tt«HiSc*ffiS5S#a 
fcS^bfc«-&lCjt^. JfA8bfc£/J^<T£5. «± 

50 [0 0 4 0] HJS092 
561— 
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sbesu -tommi:: i wram£&ffi&Ass4 s i 

■pToSHffL, ±E 2 1? CD 1 «^ *f Ptt^MSt &HI§ 4 

t±ss 2 m?*tffl§&m&#m& 5 <h atjss^ 6 1 

7 \ZttVT*mtUZ «fc 5 {cm^6?J{Cg!^LT 
[0 0 4 1] »fP£"3V»TKWr*. 04»CSStt 

iisg 5 GD»fm, -en-en, nss^i©*-a-tiwi^T» 

[0 0 4 2] SSfc, 04(C:}3V>Tte:, 

©atj«^6 tffi^sTTo-^n-^nfc^M^ns^gs 
^©•otr-^xte, 51^— t^-s^s, 04® 

lIlJSETKMMBiaiSiGK >lf-^>Xi^^§il;a 

*a*#sn5. 

[0 0 4 3] §£68093 

IC:fct<>T, 1*^6 £H<tl©fe©T<&-5. 0IC:fe 

SIHSU e©MW£l^M»ttSffiifc£igg4£2 
■OKS U ±IB 2 1 t&TttW&&MWL#mm 4t± 
S3 2 *?#*tt3Eli&:8M 5 £ S««ttfc««!UTt» 

n«^62 £ 3l@fflHfc, V>n«$-5 3mffiJBSfflV>Xli 

[0 0 4 4] Ifffc^HTttWt*. 05iC:fctt 

5 1 «Ttt§£'&3lSi!£#S§§ 4 <h 2 «m*#tt&ffiifc8: 
««5©ttfm. *ft*tU ^Mffll, SUSfll 2 ©&-& 

&!BS§5©T;£n<*ttffi2a*3<@i&D, *PA:<DTt£tlVi 

mm 2 ^ AAwt u mmv-rfstmnm 2 £&^lt 

ffl*«JtlxTVi«. 06H 0 5 (C^tS 2 SgTMflMS 

T^rr 2 ^#^6- H <h#£C. 0 2 4 
t-HHlISnftK ;r<D,t£*,02 3©«-a-t|^ 

o&M»^-F£2^s;^-F©#fiMis»©g 

—562- 
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[0 0 4 5] L^fc, 06©O^ffc^-Ffc2;fcSHi}; 

h <»#mm$Lik<z>mz. 024 ©m**^- h t s# 

5 3 «8iJB5© 2 «^M3¥te ^M&#igS§ 5 ©;£ 

*». 023 «c* its 2 mmmcD 2 flmtfm&aiHfetHK 
s 5 ±0 t**., LWoT, mmm 

[0 0 4 6] «±©HSg^ 1*53 tr^Tl*, 1 Sg^ 
*Wtt£Bi£#JgSg 4 t 2 W7- 2t#tti£ii&&igS§ 5 £ 

*m-<D!£ni$-mtiL 1 iciii/ft^twt&ijt, * 
z\n\zm sir, 1 re#*tt«Mtt#s8 4 1 2 

S^*t#ttSffiifc£®gg 5 £ ©JEm#S« 1 -h(C 
!3BbTfe«fc<, £©£#gft.5SHg©JES#£«l £ 

* 2 SS^*f 3¥tt^S^*Sg 5 ©fttt. K±0D*1I«K 

Ass 4^2 «T>tt#tt^[5s*sgg 5 &&mmmm 

[0 0 4 7] 3 SIC, £t±©*JfiW l^S 3 iC*3V>T 

«. 1 «^9*ttsnttAfis 4^2 wrmHsstm*. 
rnfcRss-r, s#i§3s^r$-r-rfcn««S2e#:© 

[0 0 4 8] ^3I«4 
H7ft, Cl©5!K©*JS«4^-r«J«0T*5. 07 

!J8§. 4 « 1 S&J-M&&%.W&#Mm. 6ttA*S(H?. 
7tta7J«TTa&So 0(C*V^T, BES#S«1±IC. 
1 sffiT*t3W43§iffift#fgig4 t, rtfntt«* 2 £SBfi 

S. 

[0 0 4 9] ^C, ®jfPlC^ViTlttHJ-r-5. 08«. d 
©^B^©SUSC«J4©ft^S:giK-rsfc«)©0T*Ci, 8 

a^7t©rair, iss^*f3!iitt^®js*as4£{t^j 
c ^^/i->^8£Ma«j(c, ^E-n-enjfALxvis. 1 

* : P»5Wt»m*ftJH»4»4. ttfMLfc.k^tC, 02 0 

^Sc f r tR#Mm&&. f aiOWTHiWt'f >H-y 

-^>X-T*S©T, 0 8©(UgSt*, feMlslKa^T^ 

/U7>rM*«f5n«. fc^cL-, 

*SH 4coS*IS^SiSc f atll, «SE«*t*i;*© 

"c. Sifiif#tttt0 9©nanr^"r«i:3caja*«©s*s 
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[0 0 5 0] 0 m8(D**r/*i'5>8&. T^tL 

fl-©JSiftST?tt, **A^8£IM«©^&tt©!|#tt£ 

atftTH:. -rfc*n«ms2icA^Lfem^,m^«#tt^ 

a«T«H«»f IT, A?JfI^©S?ja<8t*£^t. 

[00513 mmm 5 

fc*V»T. JE«#S«1±»C, 2"3©li« 1 *#3«£asBff 

[0 0 5 2] Jfcfc, S&^tCOViTSJBJ-r^. BlOlOi 
IS 7 l:Sbfc5WtgfiS!7^M*2I, tarsal 

£©»•&*>, -r«n«««2*>6*ttaffift«tjaK*n 

i HiSE* t « A * C t K * 0 ##*1-©ffiS©Mift»T« 

[0053] mmwe 

011H, ^©55?BO*Jfi0i|6*^-r«^BlT*5. 13 
HK^T, l*»6 7ttH7t|^«©t>©T»*. 0 

s§4t, -ram«««2£E«u cne.^«^W{cs 

tt, !3 7<bSter3> A73Sffi^6 tffl73«^7 t©ratc, 

r «n*«« 2 «fc, 1 «T*f#tt«@j«*ss 4 

[0054] glut, 07 tra«»m>H/tX7-f;p 
^fcLTftflsf*. £©«•&«. 1 «-?*fPM43J®&# 

*u 0ii%07 tra*K*-«n*Mt* 2 * s8M£gt 
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ffi&©Jiifc&-eiagS££ £> <tsr t *tr*a 

[0 0 5 5] ^SSW7 
131213:, £©56|li©*;ffim£5KT«J£0T*£. EI 

IC*lr»T, BEm*StRl±tC. 2t3©-rfc*ntt^«6 2 
[0 0 5 6] m 1 2 ©filj&tt. 011 CiSL-fcWfiiSffi 

s 5 2 oMwc^fc* 1 s^*t wtt^HifcHc^ig* 1 -o 

&©T<&-5<, Ufc*bT, Blllt|B|«©n 
>H^7-f ^ib"C»fPU Bll±Dt>ft«ft7 

^v^ea^sns. £©*&*>, -r ^n^ms 2 
t?#-s. sec ±T2o©-Tien!KSffi2fcoviT, 

[0 0 5 7] EU:©#£S60t|4tf>S 7 fc:feV>Tl4, PftS 

o^r*ufc^, *jMB»*cni;:iss?\ ^©shmr 

f«ntt« 2 OlEto D K, *^/t->^8£— gBSLT 

\z$tz.T'b£^v, m— ©t>©**ab-3Tfej;ts. 

[0 0 5 8] fiti©SUfi*S4A^7fc^^Ttt, 

50 i «B^s*»tt*ffiiS[*ss 4 ti-«n««a 2isn- 
cnicHsr, i«i J ?»#tt^ffi»[*MS4fr/5fn« 

112 i:^SiJ>!r© 1 E«^5Sl±tcBHBL-Tt><J:<. c 

©t^s^sa^©jESffss i efflv»Tt.±v». 
[0059] m&ms 

01311 ^(D9sma>mm9S8^-Tmam-v»^. m 

13IC*5V>T. lSEtftlffi, 2BT«ntt«a. 3 
ttfiltS, 4 a, 4 b tt 1 MTffltV&mV&iSm* 6 
f4A*flH=\ 7ttW7jSS^Tf*-5. HfciiV>T» 
40 »«l±fc. liS^»tt^M«E*«S4*«»fflEB 

5. Sfc, MC9IN<Dl«H E Am^lIiniC#aW4aic« 

v^r, T£ntt«ffi 2 ©*a»iB?a^ ckt» f«n 

«ti2©lf ! ;ftV>3) List, Kltl§3©^Tffi 
Lis <L r s 

[0060] *t-, mmz-D^xmrn-t^. ai3ic*s 

V>T. il^JB6©l^ : pjtt5W4^Mte*lgli4 a©*S^ 
ftSfr £M&m<D 1 Wttftffitt^Kli 4 b <DK 

so &mm&&f a ts— gj£-tt\ a>h;u?^w 

•563— 
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© 1 tt?tt*tt£Iin&tS8 4 a OASMftft f r W:, 
:7^;k?©*<frra&&£&3. 

[0061] B14H 01 9fc^Lfcfe(DtH«l©l 

*f»*tt*Bia*aE»4ic*v»r, sitS3©fcr-.y^ 
l r *— -r«tt*«« 2<di;»h i © 

f a©*fcfc«JH^»*5*Jl'&«V>Ttt#b&t>©-C* 
5. fiBLi/LrtbTWCT?, Li/LrAU i0 
©iS, r«ntf««2iSI«§3©fc:y?-j&«»l,<fc 
5. tffn«««2(0i;yfL i «E*.T*>, TtztlVl 
112 tfi|«3 0|B©IBIBI4— ftfcUTV**. H#> 

«fr tK#Mm$i& f aj&Jfctefc^tU 

» f r t.EL^mmm.m. t & iz^mmcmi^mtvis. 

[0 0 6 2] HI 4 4>^tig-T?^L,TV5-5©tt. I#S3 
©X h y :Arf> H©THH«»4sJ:tf ±«»«RTr* 
5. tfc*n«li 2 ilffi 3 Otyf *^L-^ tf < 20 
&Mffi&&. f r », S»S 3 ©X h <;/ 7rt> FfflTHM 

f r AD*UT*«WJMMrCtt. SltS3©XNy^ 
A*> H e^tlT L £ 5 ft*. SltS 3 ©EIWMW* 
;*<;<£ -5. 

[0 0 6 3] HIS TTtt, tt*UR© 1 SIHP*Wtt*mtt 
*SS4 afc*5V>T\ Tf£n«mS2©tf>y?L i s 
t, SltSSOtf-y^L r s ££g&<E>it\ L i s <L 

rstUW. ^©fcJ6, H14^e^^>«t3tC, 
#jg^fe» f r WSStS 3 ©X h y ?n> K©TIS«tt 50 
IS<t Dfci§f<^a. d©i#. #»SJ«Rf r .fcD^L- 
s#t^*t#e.n*. 

[0 0 6 4] Ifflfc'bS&^fc.fcSt::, Ht^iJfS© 1 S»^3¥ 
fei&®i£#MS 4 a ©^iSM&R frU yj)V?<D* 
ililtlttfttJTVsi. «fcr>T. tfftl«l«2tfi» 
S3©tfy^&Hl 3©J:5fc^*Jltfc«fcO, X-r 
D tt^W«Src©E«t* 3 ©SftSS 

*«Tte.fc*siJfefc*s<Tr*, nutajtr©?^;!^ 

S3©X h>y^ , A>H^m^D-S-5^ifeSci|S : £i2:<^?# 
*©*C. 7-rJ^©aii»«tJ:DJ£»«K-C#*. 
[0 0 6 5] ££099 
H 1 5 tt. c ©»^©H16M 9 ^*-r«JESHT»S. H 
1 5C^^T, l*»64*J:tf6, 7tt. ai3tH« 
©fc©T&&„ HICfcHT, ESM«1±IC. lfiB 1 

i. 5 K. tt*UR© l MTMWttAHlfeAMI 4 a ©Tfe* 
n«fllffi2*J:i;SltS3©try^S. -f-n-enL i 50 

—564- 
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8. LrstU ttHK©ltt?tt*H£8Htt#SI84 

b ©-rfc*n*t«a 2 *<t tfstts 3 © e y ^ 

tlLip, Lrptlftit, Lls/Lrs<lt 
U L i p/L r p>l t&S.fc-SfcL-TH*. 

ilfflt^, Li s/Lrs <L i p/LrpMDfi 
of US. 

[0 0 6 6] *JS«s| 9 8 t IRJtl-Vft 

»*«»4bfc*^Tt>, Ti«ntt»B2©i;;/?L 1 
p<»:SftS3©fc^?L r pt^St, L 1 p/L 
rp>ltLTH5. r©t#, HI 4a»S#j&>l><fc'5 
iC, tfyg l *t»l/H«^KJt'<. SftigJf&ic f a £S 
ItS 3 ©X h v ?/t> FOipfeMttflfctC. <fc 0 iE#tt4 

M&ffcT. Ktt«3©;*hv7W>Ffc*s^*H«* 

[0 0 6 7] M?MfS© 1 *mtfflH£XHttftSE84 bra 
E#«ja&ft f a *>, 7-fMffl>fi«S:tftoTl> 
s©-e, Hi5Tti, 7^;^©«f/^as»:<tDW^H 
SScTSItS 3 ©Slt&4s**«TL&V^i^«£JEtf 
5 £ t*t-t?#, lS^J©6i:M^llgS©SltS 3 ©X h y X7\- 
>P#M&D£5HSft*ftJ:Dj£<T*ft©-C. 7* 
;W©gj&#«£Hl 3£1±IC1£»«K-C«*. 

[0 0 6 8] ftis, H 1 5 f S^JIRffl 1 *?2t#fii 
^®ifc$SS4 a*t2fi*0> tn60$S6*S^I: 
&fc<&-trcv>£. £©£5£l^T;tf3*tt«WifcHcffiS 

■*© l* : f»fMt«m«*«B4 a*»3flK±**»^ 

»9*«»4 bteBLTt>|Bj«t-r»a. 

[0069] C©t^, lM3m<D 1 «T*f#ttS®^ 
MS 4 a^M^JBS© 1 «?M9Ktt%ntt^fi«4 b ©3? 
UlSSftS*. ^6<£^fH©fflC-r-5ra:tJ:t)» 

x^;i/^©«^sja^tt^, esiiaKasfeT»6tiT^ 

if ©S* ©#tt fciEftl-T* C 

ffit©!|#tt£#5 c tan? * 

[0 0 7 0] SSfc, HI 5T?«W^UTUft^*t, 

m.<^m.mm<D 1 sTM^its®^«S4 a ©#®^jg 

nit, SltS3©bfy^L r, $&(CCn6©JtL 
M^iJW© 1 SfflT)tt#tt*pffeftfiS4 b©S*^ 

Aitftf acsiLtfc, ^nesfn^n^xfci 

::©*-&lCfe, *Jg^?fe» f r ^S^SEMKiic f a 

[oo7i] mmmi o 
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@i6ii z.a>sew<i>9mm i o fejfttn&SBrcr**. 

016fc*5tAT. l*>£4:j3.J:T*6. 7te, 013i|?3 
W:<Dh<D-V&2>. mi 3iiit, JEEtlfl:*4gl_LC, 

i5$T#&14Sffi&#!i§g4£&&flageeu z\n*>* 
««Wte»*bT»?«iaiS*«ll«LTV»*. B 

1 3 TTtt. 5 j@© 1 flmtfM&HnBfcWI 4 <0 5 -6. 
It JMS O 1 *»■ *f*ttXHMtftSB 4a*t3fl*!3, C 

nsmwii© i^awtt»w*ftss4 a3^*pg 

bTEBbTV»*. 

[0072] i o ©»fpt>, mmm 8 *±wat jo 
c 1 1 ± d , m&ois.mmm l OT#M£*vtt*ss 

4 a* .ktHfeWISia) l ^T*f-#tt«®ifcft&#§4 b £2 
©Rl]©IElSI£$g<T#S. bfc**oT> jS»© 1 ffi^ 

**#Sft-5. 20 
[0 0 7 3]'C0£*. EJOKOlJi^aftHSSi 

[0 0 7 4] £l±.<DnMW8fr*> 1 OfcfeHTlt 1 Jg 
^##*aiB»#S»4 £P?l-cDjEm#S« 1 -hfcBBB 
bft*&fcjKb&>5*» *«HHttcncia6r» 30 

w&i&wwL&Mm 4 i-rfc*n«ms 2 fc *»J* ©]£«#: 

*Kl±fceBbT*>J:<. CffltiSasfiOEf 

#WRlft«V»TfeJ:W. *&. 1 

£SS4a, 4b©&te. K±©*ji«K*l/fc"bOttt 

fc8*?bTJ;V>. 
[0 0 7 5] £ttm 1 

Bi7(i zLo&womt&m 1 1 ^-rm^m-c 

0 1 7 fc:feV>T, 4 a, 4 b, 6. 7 «, 
3&£i|BHai<D<&CDT;&D, 9 tt-f 40 

1 3 B*ltf<Z) lOT#m£*ffi&#e£8§4 a 
iM?iJBS© 1 J|?*Mtt*iniE#M4 b £. X**? 
6ttH*^T7©Mlc, *MNra*fciMftbTV>«. 
b*»b. SI 7Tfil31 3 tSSD, -f>y^^9*l 

*#S*101kAMit 4 K*fc*»oTl*ttbTV»*. 
[0 0 7 6] SWfiWl 1 SdKM8«k&jfeim 

»fFT*. bA> b, SUSW 1 1 Tli, -f >^ ^9^1 50 

—565- 
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*^»JWS*ffi«*ii«4fc#bT. MAtt. iS^JiClg 
ibW5. r©£#, li$^ttpit£^Mi6*lgS§4i 
-f 9 tt^ffc-f >K-^ttttt#*« 

t , H 2 0 tc^ bfc 1 *KF#9|ltt£ffitt£S8 4 *&© 

Hira8t»f aHtb^tt^MKIf r 

D, f r t f aiO«*Sd6*t**<&*. > 

^**9*ttWfc*l*bfc*&fctt, -Y>y^9£g= 

M«f a*t|S<aD, WD, f rifatOHSS: 

[0 0 7 7] CC.fc'Sfc, -f>^^9ftftarr*Ci: 
KJ: 0 . l «75tf ffttSffiftftfiS 4 ©*S^&©: f r 
£R&Mm®.WL f a £©«&»;££, Ji,»±;*:it<-e£ 
£>„ bfc^oT, 02 Hc^bfc7^;^©3liS^tC 

[0 0 7 8] 5 S K, §H;6£0tJ 1 1 TK, -f >y^^ 9 & 

m®.m<D i s»?*f5MHeBf»*cS«4 K*fc3fi«t>Tfitti 

fitt©-f>t!-y>7.i|#tt**-r. iot, spsi*©^ 
yv-pyx^mtz-i y?>?5> 9 **arr* n ttj; 

aia«fttte«**ft^«c;tj8«T?'**. bfc*t 0 r. # 

«nSBBiO*§V>5H!»B»7-fM)WI6hS. 
[0 0 7 9] StSSfcll 1 t^WT, -f >^^9ttiai 
7(C^L,S:^T©fe©&ffl^«>^Mfa^<. i!>^;<<t 1 & 
l^©<>y^^9Sr^-r«.Cli{c<toT, *?!BJ© 
3MW«#&n*. -f >^^9©«jfittt*©«t5^:t)© 
T%«fc<. WiH l« : F*f#tt^®jt*SI§4 tW- 
0£E«flc»4El±K»*bTt>±^b, M7-ft6:i: 
T*^bTfeJ;Vi. Iiffi : f*f#ft^ffiai*®§g4^^^ 

-^(cJKftTfe^^b, -r>y?*9£^l8l::t3:ttT& 

a5bTfe<fcv». set, -iy#t>9 9<Dmm%m\zmi 
7fc^bfct>©tcfser, a^©*j**fflv^2:t**T? 

[0 0 8 0] «Ji©^IJE0iJ1^5 1 HC^^T, 
Sfi 1 ©»)|Bftt*)ga-Cfeffi©*«(CjEm#liS?£^^b 

IK^ftLTffl^T^S lSSTM#tti§ffi&#JgS§4 

■^•rfc*n«m^2©ftt5t)(c, iHi-*fctas^^2o£<. 
±© i %sTtt&&&wwi#iMm 4 ^>-rfc*n««s 2 <&it 

^jab^v^4M3?iJ{cS«Sb7t ! b©i£fflHT ! b<J;<, c©Jl 
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[0 0 8 1] 

[»*i©3»* m&mi ©swHctna, i jst #3«£ 

**«B©X^U itt?tt*tt«|iittft«8©tt 
[0 0 8 2] 2 ©SHBfc ±n«. 1 SSS^*f#ffiig 

WJS*a»tJiE2Jn t »5in£amj(fc*iR«ift, atj m 

S^ta**ffc»UT«»t:«RKUft:©T, A2J*F 
[0 0 8 3] W*5|3©»WtJ:ntf. 3fflELh©-T;£ 

T?, a^«^©/£i^i#e^ffiiS7w , ;^* , f#e.n^^ 

[0 0 8 4] »3£«4*«fct*»*3E5©5^fc«k*l«, 
MS&TA£{I^£#ttSWi£i::^&Ti!f, C©M&» 

[0085] iMtaeagfflicjtfiti:. 
Eift#s«8 same l tzw&mm®. 7^w©, 
±e i »^»*tt*ffi»#sw©*«fttt««©«*» 

&fg§©7. h y :7V\*> H S#3»fcfWB-e#, #A»**»* 
[0 0 8 6] Mf*9I7©3SMIfcJ:ntt. tt$UN£tt$IIM 

[0 0 8 7] |»^8©5IWfc«fcn«, HWIIR© 1 STf 

»swt«iir**aaiio3"6^a:< t*> i o©&fgMi&& 

£*l!i£IS&<=>1t;fc©T. Bf»©»«|*3aa»ttfe*T4 40 

[0 0 8 8] **9l9©«9BfcJ:ia«. 3»0ia©l*F 
»#tt*H«#«S©3-6*l>fc< t fe 1 :3©E#SOT* 

»*4&i*fcsii-;fc©T?, BfKoflfttrtaiawtts^rr 
* #&xn& ^ 4 m am *> n* . 
[0 0 8 9] 11*911 o©»wic±n«. ttfttt©fK*r 
b«© i samara* sm«#*ss§ * n tt b riae u fc © 

co o 9 o] w#mi i©»ii:±ntf. imm 50 

—566- 



#i§¥ 6-260876 

[HM©ffl¥&R9i] 

[B2] =:©«W©S«iJt«l©»fP*ttWr ««:»©» 

[13 3] C©KW©*»«l©»fPftR«Hr*fcJ6©H 

[134] Z.<D?&W<»3mM 2 £^-r<8i&0T<fe3. 
[0 5] H©»W©*lt#!3t3StDlJ«HTr**. 

[ia6] d©5sea©*«ffii3©»f^aiftwr5fcs&©0 

[137] C©^?8©mSW4**T«fiKBIT*«). 
[138] i©%W©^Jfi««I4©l&^&ISK-r5fc«)©H 

[09] £©38!8©*K«4©»fts*8i!H*-*ft»&©H 

[13 1 0 ] C©X93©%1MI 5 SSt«^gT$5. 
[13 1 1 ] C©»gH©SilMI 6 5r^-r*^ST*S„ 

[012] c©»w©iasm s5Rt-*j*H-tr»*. 

[1313] £©«W©**«8ft*-r«riMT**. 
[1314] H©«M©SW«8©»fPftBMBr*fc«>© 
0T3&&. 

[13 1 5 ] £©5HH©|gJfie9 9 £*-r«^T*5. 

[016] £©3sg&©*SE0iJ 1 0 *s-r*fiHBrrr**. 

[017] £©fBBJI©SU60y 1 1 S^-r«fi£0-pcfeS„ 
[018] flaEroSMKEffitt^^^Sw-rWritHT* 

[01 9] ftfcwwttams^^i'roaftsftBwrr* 

fc«e>©0-C*S. 

[0 2 0] «*©#tt«ffi«7-f Jl/i'roBf^ftKwr* 
fc«e>©0T<&S. 

[02 1] «*©J»f»H»7>fMOftf*R?St« 
fc*©0Tafe?.. 

[022] flaEwwttatwft^-f^oftfpftBiwrs 
^©©01?*^. 

[023] ffi*©Wtt*w*7-f;i/*«*T«i«HTr* 
s. 

[02 4] ffi*©5Wt«M«7-f^©»fPfeKWrs 
fc«>©0T?&5. 

[02 5] tt*©f|ltt*Bff«7^^©»fP*BiWr* 
jfc©©0Ta&£. 

[«P^©S8W] 
1 

2 Tfctivimm 

3 KttfSg 

4 1 ffiT-tt¥H£S;mfc&Mm 

5 2^?3tt#tt^M«*Sig 

6 A7J«? 



Copied from 10bib019 on 26-03-2004 



7 fflrtMHP 

8 *?^n*s9 



19 



(11) 

9 -f>^^ 



#B§¥6-2 6 0 8 7 6 

20 




—567— 



Copied trom 10bSb019 on 26-03-2004 



(12) 



6 0 8 7 6 



[07] 



mi o] 



2 3 



h 



[011] 

6~^? 2 



2 3 



li 



4 6 



Hf 



[018] 
4o 4a 

T 



4b 



7 

4b 



[02 0] 



-4 



1 


J 
( 






V 


\ 


JljJljJ. 


1 


m 


_ — | 

! 



3 

[013] 
6 X^>Us Lrs 



2 3 



[01 2] 




_4 



2 3 



4o - 



4o. 





Liinmjiij 

■ ■ 1 




3= =5 



-Ik 



4b 



[014] 



2 3 











N \fr 




i — i * 1 


1 _ 



[017] 



0.95 OSre I 1.025 LJ.^ 

[01 9] 



4o _P ^=k C=K 



Li Lr 



[02 1] 



nxit 




ttstt 



—568— 

Copied from 10bib019 on 26-03-2004 



(13) 



<f#M¥6-2 6 0 8 7 6 



fl 5] 



II 6] 



4a- 



4a- 




HTplPBi 



2 Will 



7 

12 2] 



Z 2 y * 3 



-1 
4b 



k-4b 




3 ^,2 3 



4b 



3 



[1^2 5] 



P~ 



SB" 



A-~Hn9il' 




V-,' ^- s»w- K 



I- » | «*• 




[¥fHfIE»] 

[«£BB] ¥f&5*f 7/3 1 B 
[^«ffliE 1 ] 

mmmmmzi sums 

[*KE#«] 

[BMW 5] ltt?#*f£Xffi&#£8£. #ttgffl 

5BSt * -r n«c«i t sampic sat l fciwis 



[#«WfIE2] 
[*fIE*f#!gg|£] Bjfflg 
[*IE?#3RJB1=S] 0 0 0 2 

[0 0 0 2] 

[«*©awi Hiss, &m$xM m?fflmm& 
&&ffim$im& wmm \ . US92-52, PP . 
9-1 6ir^snfc. fla5©roa©»tt*Mjfi[>'-f;i' 



—569— 



Copied from 10bib019 on 26-03-2004 



(14) 



#BB i F6-2 6 0 8 7 6 



^Ptt^®iS*«S4 a tt«l;jfALfc 1 «^*f# 

T^Wtt^Mife^iiS 4a, 4b <D-*S:i5<j;S:«f& tBl 
9 fCT^-r. 019 K::fel<>T, 1 ttJES#g;&, 2 Hrr*? 

2i2 ocoHttgg 3 SrESLT 1 «S^3¥tt*W 



[*tIE**3StSI£!*] ipjjjifflS 
[*IE^#^S«] 0 0 18 

[0 0 18] a*^5CD^(C^5#tt*®iS7>f^ 



(72) mm^ *** 



—570— 

Copied trom 10bib019 on 26-03-2004 



